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ABSTRACT 
Thi. document provi6e •• teady-state, total-dose radiation test data, in 
graphic format, for use by electronic designers and other personnel using 
.emiconductor devices in a radiation environmcnt. The data were generated by 
JPL for vario~~ NASA space programs. The document i. in two volumes. Volume I 
provide. data on diodes, bipolar tran.istor., field effect transistors, and 
mi.cellaneous semiconductor types. Volume II provides data on integrated 
circuits. 
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VOLUHE I 
L'evice Type Device Number Vendor a Page Device Number 
Diodes IN829 HOT 6-.3 IN4815 
f IN.3645 SET 6-4 F064.3-2 
r 
-
Bipolar 2N918 FAS 6-13 2N3467 
Trans i stors 2N918 HOT 6-13 2N3499 
2N2060 TIX 6-14 2N.3501 
2N2222 FAS 6-16 2N3506 
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INTRODUCTION 
The data presented in Volumes t and II of this report describe the results 
of Total Ionizing Dose (TID) tests of semiconductor devices (Volume I) and 
integrated circuits (Volume II). The data were obtained by the Jet Propul-
sion Laboratory (JPL), under contract to NASA, in order to assure the "hard-
ness" (radiation resistance) of components to be used in tho Jupiter radiation 
environment. How~ver, the data is applicable to any ionizing radiation 
environment. Two primary radiation sourr.es were used: a Cobalt-60 gamma ray 
source and a Dynamitron capable of delivering 2.5 MeV electrons at a Bteady 
rate. The Cobalt-jO source was used when it was determined that bulk 
radiation damage was negligible (NPN transistors, FETs) or when the electron 
source was incapable or r,·.1etrating the package (power transistors).1 The 
Dynnmitron was used for PNP transistors llnd tCs. Irradiations of complex lCs 
vere subcontracted to the Boeing Radiation Effects Lab (BREL), Seattle, 
Washington, where the necessary computerized test equipment was available. 
The work at BREL was subject to specifications and procedures under the 
direction or JPL. 
In Volume I, the data are presented in a sraphic format for various 
operating conditions as a function of dose. Some measure of the statistical 
variations of each device lot is provided by die tabulated standard deviations 
and statement of sample size. Irradiations of two or more different lots of a 
given device type are treated as entirely separate tests. 
In Vohlme II, the irlfQrmation on sorne of the integrated circuits is 
presented in tabular format. For more complex LSI devices, the data are given 
in a narrative form, which gives proper emphasis to the radiation-induced 
changes in the measured parameters. 
lA progratn has recently been initiated at JPL to compare the response of 
power transistors with Cobalt-60 and electron irradiation ~\ere the 
transistors have been packaged in a To-5 can. A report will be published in 
late 1981. 
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All data taken here substantially .eet the specifications of HIL-STD-883B, 
aethod 1019.1 (August 1977) fo~ environment. where ehort-ter. annealing i. not 
a relev.nt p~oble.. Electrical parameter .ea.ure.ent. were u,ualty taken 
within 20 .inute. of the coapletion of an i~radiation, for three or .are radi~ 
ation levels, at rOo. te.peratu~e, with a .ustained wor.t-ca.e bia. during 
irradiation for JPL' •• yatem. applications. 
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SECTION II 
DOCUMENT USES AND LIMITATIONS 
The purpose of this report is to provide a large amount of test data for 
semiconductor devices exposed to a steady-state TID irradiation. As such, it 
offers a useful comparison of the radiation response of different devices that 
might be considered in the development (circuit design) of a radiation-hardened 
system. It also offers a qui~k method for assisting an engineer to determine 
the weak links in an existing system and the maximum radiation tolerance of the 
system as a whole. 
The data presented here cannot, in any way, be used as a substitute for a 
comprehensive testing program of the devices actually used in a given system. 
It will be clear, on inspecting the data herein, that there are large lot-to-
lot or wafer-tn-warer variations in the response of samplp.s or a given device 
type. The difference in response from functionally identical devices fabri-
cated by different manufacturers is, of course, much greater. There was no 
attempt to remove maverick (outlier) devices from the data plots. Thus, some 
of the data plots may appear anomalous when compared to other plots for that 
same device type. Finally, there is always the likelihood that a given 
manufacturer wiLL make a minor adjustment in his processing procedures that 
will result in a major difference in the device's response to radiation. 
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SECTION III 
GENERIC DEVICE TYPE INFORMATION 
SOlIe generalized co_ents a~propriate to ea~h generic devi(.;e type are 
provided in the following subsection~o A description of the vendor 
identi fi cation codes is Provided in Appendix A. T •• ~ lIean of the electrical 
paramete rs measured for each gened c device type is given on the ordinate of 
the graphs. A uatailed description of these parameter'S is provided in 
Appendix B. 
A. DIODES 
Rad iation test s of diod!"" have been very limited for space programs 
because of theinher.C!nt radiation hardness at the total worst.-case dose levels 
of 3000 Gy(Si) [1 Gray (Gy) • 100 rads). Testing may be required for special 
high-precision applications or for higher total-dose environments where very 
large (orders of magnitude) increases in the leakage current can be expected. 
B. BIPOLAR TRANSISTORS 
For convenience, the degradation in transistor gain (h
FE
) is plotted as ~(1/hFE) = I/hFEcf> - 1I .... ·Eo ' where hFE1P i13 the value at the sped fied 
radiation level, and hFEo is the initill! value. Implicit ira this approach 
is the assumption that the radiation b~lhavior can be approximated by the 
wel1-known formula: 
where cf> is the dose (or fluence) and K is a damage COnstant that depends on the 
devi ce and on the collector current, IC. 
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C, FIELD EFFECT TRANSISTORS (FETa) 
FET. are not affe.~tcd by bulk d .. ase .ince they are .ajority carrier 
device.. Hence, mO.t .ea.urement. were taken followins Cobalt-60 irradiation. 
The key parameter. plotted a. a function ~f do.a include IGGS ' lOSS- VOS' 
tran.conductance, noise vol tase. and ID (off). (See Appendix B.) 
D. SlLICON-CONT~LLED RECTIFIERS (SCRs) 
Becau.e of the limited ule, the SCR type of device was tested to limited 
special requirements. 
E. OPTICAL DEVIC~S 
The optical devices consist of light-emitting diodell, photott'an.istors, 
and optical isolators. 
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SECTlo[~ IV 
RADIATION SOURCES AND DOSIMETRY 
A. OYNAMITRON 
The Dynamitron accelerato'(s at JPL and BREL provide a 2.5-MeV bcam with a 
range of beam currents of 108 to 1010 electrons/cm2/sec. All tests described 
here were irradiated at each lc\'el at expo!i.ore times between 5 and 45 minutu. 
'rhe parts lest geometry for the two Dynamitrons is essentially the ssme. 
The electron beam is brought out of the beam tube into air through a O.O.5-mm 
titanium window, copper and aluminum scattering foils, and 0.9 m of air. Each 
of these materials scatters the electrons Bli~ltly so that the beam has a 
reasonable uniformity of less than 20 percent over the array of parts being 
tested. The ~rray is confined within a 25-cm diameter circle perpendicular to 
the direction of the beam. At the center of the circle is the aperture of a 
vacuum faraday cup, which is used to control the flux and Huenco of the elec-
tron beam. The beam is centered on the Faraday cup with a quadrupole magnet 
prior to the installation of the test samples. The output from the Faraday 
cup is a current that is fed into a current integrator, which is calibrat~d 
daily with a calibrated current source. The integrator is set to shut off the 
electron beam automatically when the desired fluence level is received by the 
r 8raday cup. 
B. COBALT-60 SOURCE-S 
The Cobalt-60 gamma ray sources at J~L a~~ BREL were both use~. The 
gamma rays con,sisted primarily of 1.l7 and t.33 ME1'V photons witl. a consistent 
spectrum of lower energy photons and secondary electrons. ~rising from scatter-
ing and absorption. The gamma field was uni form within ±lO percent in the 
area where parts were exposed. Thermoluminescent dosimetry (TLO), consisting 
\ 
\ 
, 
, 
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of lithiu. fluoride/Teflon microrods, wa. used for uniformity cheeks. Cali-
bration of the .ain .0Ul:ce was perfOl'1led with Landsverk ion ch_bers of %2 per-
cent accuracy, traceable to the National Bureau of Standards. Monthly dose 
rate cOliputations were performed to account: fOl' the decey of the Cobal t source. 
Exposure time. with the Cobalt-60 sources were typically 5 to 20 minutes for 
each radiation level. Longer times (up to 4 hours) were required for high-dos~ 
applications sinc~ the maximum unifo~ dose rate available was 150 Gy/min. 
4-2 
----,--.~--- ,~~---,--, 
j 
r 
t 
SECTION V 
TEST SE'rUp AND PROCEDUR~S 
A. GENERAL REMARKS 
?fhe test setup and procedures used here were developed in accord wi th the 
$pecitications of MIL-STD-8838 (August 1977), method 1019.1. All tests we~e 
done at 2SoC ±30 C. using low noise power sources and instrulDentation subject: 
to periodic calibration. Some tests were performed in situ (without removing 
the test devices from the radiation area), whereas others required remote 
testing. In the latter event, a mobile bias fixture was used to maintain bias 
except during the brief measurement period. 
A detailed test plan was written for each test, which included paJ."t 
description, irradiation bias conditions, radiation levels, electrical 
parameters to be meaf!ured, and measurement conditions. The data were 
processed by hand and by computer, and the calculation of normal standard 
deviations was made after deletion of clearly erroneous data. Such individual 
data can be retrieved if J."equired by specifying the log number given with each 
plot to the Radiation Effects Group (Section 514) at JPL. 
B. TESTING WITH A MATRIX BOARD 
A matrix board switching system was built to be used as a master control 
paneL. It was located outside of the irradiation area for all in situ tests. 
The board interfaces the devices dn~er test (OUT) to the power suppLies and 
measurement equipment via a special 15-meter (50-foot), double-shielded cable 
(see Figure 1). A built-in potentiometer for each OUT can be used to control 
bias vol tages and current: s. The matrix board was designed with very high 
insulation resistance so that very low current measurements (10-50 pA) can be 
made. 
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Figllre 1. Diagram of the Test Setup for in situ 
Testing With the Dynamitron 
c. TESTING WITIIOUT A MATRIX BOARD 
For the remote (non in situ) tests. the DUts are removed from the site 
for approximately 20 tninutes between each radiation level. A "lobiLe bias 
(battery) is applied to the devices at all times except during parameter 
measurements. Remote measurements include tests at a Lodin impact 100 pulsed 
tester for sOlUe of the transistox.'tI and re{;\dings from a Tektronix 178/577 curve 
tracer for testing sOllle operational ampli fiers. Occasionally, custom test 
circuits nre used in the test to simulate the device application. 
D. 'reSTING ATBRSL 
A number of lCs were tested for JPL by BREL perso0l1el. Complex LSI 
devices--s\lch as AID converters; (It~l'llQries, and microprocessors--were 
irradiated with the BREL DynslUitron ot' Cabal t-60 sou~~ces and tested on a 
Tektronix 3260 computeri~ed Ie tester. Most of these tests were non in situ. 
The test programs were written by BREL to JPL's speci fications. 
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SECTION VI 
DATA PRESENTATION 
A. GRAPH NOMENCLATURE 
The data are presented in this section and in Volume 11. A sample graph, 
explaining the nomenclature, is show in Figut'e 2. Each of the electrical 
parameter data plots is represented by a single line per graph except for bi-
polar transistor data, which use multiple lines to represent different collec-
tor currents. A table at the bottom of each graph lists the test conditions 
when applicable and the nonnal standard deviations of each data point at each 
dose level. 2 
The dose units are in Grays (Gy) where 1 Gray equals 100 rads. For 
, • 13 ' / 2 ( .) purposes of compar1son, 10 3-HeV electrons cm = 250,000 rads 81 • 
2500 Gy(8i). 
Date codes usua lly indicate when the device was packaged. For example, 
7920 indicates the device was packaged in the twentieth week of 1979. If no 
date code is available, the space may be used for other identifying numbers 
such as wafer number or lot number. 
2 The log-normal distribution actually provides a better fit to most radiation 
data than the nonnal distribution. Hence, caution should be exercised in 
estimating worst-case conditions based on the limited stati stical data 
presented here. 
6-1 
I 
, ~ 
!i 1 
I 
j 
f1 
J 
--
I 
Figl.ll·e 2. Description of Graph FOt"1Uat 
B. DIODeS 
Radiat~on tests of diodes have been very limited for space programs 
becam.e of the inherent radiation hardness at the total worst-case dose levels 
[3 kGy(Si)]. Testing may be required for special high-precisi~n appli-
cations or far higher total-dose environments where very large (orders of 
magnitude) increases ill the leakage current can be expected • 
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